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ABSTRACT 
The objective of this study was to examine: 	(1) 
differences in behaviour traits between Duroc and Landrace pigs 
under ad-libitum and restricted feeding regimes in boars and 
guts, under various penning arrangements; (2) the genetic 
variation in these traits and their relationship with some 
production traits; and (3) the effects of halothane stress 
suceptibility on some performance traits and the genetic 
parameters in stress resistant and stress susceptible 
populations. 
For the behaviour studies, 10 full sib families of four 
boars and four guts per breed were used. The pigs were penned 
in groups of one, two, three and four like sexed unrelated pigs. 
Pigs started test at mean pen weights of 30+3kg and finished test 
either at mean pen weights of 85+5kg or 10 weeks on test for 
ad-libitum and restricted fed pigs, respectively. Average daily 
gain (ADG), ultrasonic backfat (BE), and behaviour traits (time 
spent eating, lying, standing and drinking) were recorded for 
each pig. 	Feed conversion ratio (FCR) and daily feed intake 
(DFI) were calculated on a pen basis. 	Landrace pigs had 
significantly more tail biting, proportionately more pigs 
standing and fewer pigs eating or lying, during observation, than 
Duroc pigs. 	Feeding regime and number of pigs per pen also had 
significant effects on behaviour traits. 	On ad-libitum feeding, 
the more active pigs grew slower and had lower backfat depths. 
However, on restricted feeding, the more active pigs grew faster 
and had greater backfat depths. 	The heritability estimates for 
lying, standing, drinking and general activity were 0.42, 0.44, 
0.24 and 0.42 respectively (s.e. 0.26) for restricted fed pigs. 
The heritability estimates for ad-libiturn fed pigs were generally 
lower than those of restricted fed pigs by about 0.13, although 
this difference was not statistically significant. On the basis 
of these results, behaviour traits have moderate heritabilities 
and that it may be appropriate to select for behaviour traits in 
a breeding programme. 
For the halothane strss susceptibility study, data from 
720 pigs from 6 generations of pigs selected for and against 
susceptibility to halothane anaesthesia was analysed. Pigs 
started test at mean pen weights of 25+5kg and finished test at 
mean pen weights of 85+5 kg on ad-libitum feeding. Stress 
susceptible pigs had significantly lower ultrasonic backfat 
depths and tended to have lower ADG, FCR and DFI and a higher age 
at end of test (AGE) compared to halothane stress resistant pigs. 
The heritability estimates for ADG, BE, AGE, FCR and DEl were 
0.95, 0.75, 0.81, 0.72 and 0.84 respectively (s.e. 0.43) for 
stress susceptible pigs and were 0.43, 0,33, 0.30, 0.38 and 0.61 
(se 0.17), respectively for stress resistant pigs. The 
difference in heritability estimates between stress susceptible 
and stress resistant pigs were not statistically significant. 
On the basis of the similar heritability estimates and phenotypic 
variances for the two lines of pigs, the response to selection 




Animal behaviour is important to the animal breeder and 
producer because of its implications in the economic production 
of livestock. In order to minimise production costs and to make 
efficient use of facilities, pig producers need to know the 
optimum number of pigs that may be housed per unit of area 
without an adverse effect on performance; Abnormal behaviour 
such as tail biting, cannibalism and an increased level of 
aggression have occurred with intensive stocking rates and are 
likely to be detrimental to performance traits (McBride, 1968, 
Bryant and Ewbank, 1972). 
Problems with intensive pig production have led to 
increasing public concern about the welfare of farm animals. 
The reports of the Brambell Committee (1965) and the 
Parliamentary Agriculture Committee (1981) both emphasised the 
need for more research on the behaviour of farm animals. The 
Ministry of Agriculture, Fisheries and Food has published Codes 
of Recommendations for the welfare of livestock and the recently 
published (1983) revised codes for pigs and cattle state that 
husbandry systems should attempt to meet "the behavioural needs 
of the animals"; It is therefore necessary to establish the 
behavioural needs of farm animals in order to provide information 
which could be useful in the evaluation of current or future 
husbandry systems. -. 
Inclusion of records on some behavioural traits in 
breeding programmes has been suggested (Jonsson, 1985). 
3. 
Although many studies have been carried out to gain insight into 
behaviour of pigs and environmental factors affecting their 
behaviour, there have been relatively.few experiments to examine 
the qenetic variation in behavioural traits within a population 
(Hohenboken, 1986). Evidence from studies of Jonsson (1985, 
1986) indicates that social ranking is heritable and that it may 
be possible to change the social ranking of pigs by selection. 
Selection for lean, fast-growing pigs may have caused pigs to be 
more aggressive (Kilgour and Dalton, 1983). 
Measurement 	of 	social 	ranking 	is 	difficult 	and 
subjective but activity pattern traits are more easily measured 
and less subjective and may be related to production traits. 
Genel;ic variation in these activity traits has not yet been 
reported for pigs. Pigs and poultry are both kept under 
intensive husbandry systems and may have similar social problems. 
Evidence from poultry studies has revealed that there is genetic 
variation in activity patterns (Hurnick, 1978); It is important 
to quantify the genetic variation in activity pattern traits for 
pigs and to determine their genetic relationship with production 
traits. 
Behaviour "stress" of pigs has been given considerable 
attention by modern pork producers because of the economic impact 
of the Porcine Stress Syndrome (PSS) (Graves, Graves and 
Sherritt, 1978). The genetic predisposition of individual pigs 
to develop PSS, as detected by the halothane test, is controlled 
by a single autosomal recessi'e gene with incomplete penetrance 
(Smith and Bampton, 1977; Southwood, 1986). 
Evidence existing from several studies indicates that 
4. 
halothane stress susceptible pigs differ from the halothane 
stress resistant pigs in important production traits. The 
halothane stress susceptible pigs have carcasses which are leaner 
but of poorer quality than those of halothane stress resistant 
pigs (Webb and Simpson, 1986); The availability of selection 
lines for halothane stress susceptible and resistant pigs at ABRO 
enabled a study of the effect of halothane status on performance 
traits and genetic parameters. 
	
This thesis set out to examine: 	(1) differences in 
activity pattern traits between Duroc and Landrace pigs under two 
feeding regimes (ad-libitum and restricted) in both boars and 
guts, under various penning arrangements; (2) the genetic 
variation in these traits and their relationship with some 
production traits; and (3) the effects of halothane stress 
susceptibility on some performance traits and the genetic 






This chapter reviews aspects of the two experiments 
studied in this thesis, the genetics of behaviour traits in 
growing and finishing pigs and the effect of halothane stress 
suc:eptibility on genetic parameters of performance traits in 
pigs. 	Stress susceptibility to halothane has been extensively 
reviewed by many authors (e. g. Carden, 1982; 	Webb, Carden, 
Smith and Imlah, 1982; 	Southwood, 1986) and therefore is only 
briefly reviewed here. 	Behavioural genetics of poultry and 
cattle has been reviewed (Siegel, 1979; Bessei, 1984) but to date 
there has been no extensive review for pigs. Therefore, the 
emphasis of this review will be on the genetics of behaviour 
traits in growing and finishing pigs. 
The review will consider a) social behaviour, feeding 
behaviour and activity patterns (eating, lying, standing, sitting 
up and drinking) and b) genetic variation in behavioural traits 
between and within breeds, the genetic relationship between 
behavioural and production traits and the influence of behaviour 
on genetic and phenotypic parameters. The environmental factors 
affecting behavioural traits have been adequately reviewed by 
Bryant (1970) and Hsia (1981). 
The section on halothane stress suceptibility briefly 
reviews its influence on production traits and the genetic and 




2.2 	Behaviour in group penned pigs 
2.2.1 	Social Behaviour 
Social behaviour is defined as "the regular and 
preditable behaviour that occurs between two or more individual 
animals" (Kilgour and Dalton, 1983). Farm animals are usually 
grouped by producers according to sex, size or age which are not 
their natural groups. Such groups may result in additional 
pressures or harassment of one animal by another in the group. 
Components of social behaviour include social hierarchy, resource 
competition, allelomimetic behaviour, aggression, social 
facilitation and feeding behaviour. Social facilitation is 
defined as the change in the frequency and/or intensity of a 
behaviour resulting from the presence of others regardless of 
their behaviour .(Hsia, 1981). Allelornimetic behaviour is the 
initiation of a similar behaviour by an individual when in the 
presence of another individual engaged in that behaviour 
(Wood-Gush, 1983). 
Various social structures can be identified within 
groups of animals. 	The first social structure is formed between 
litter mates after birth. 	After weaning new groups are formed 
when pigs from many litters are mixed together and their social 
behaviour usually begins with them trying to recognise each other 
through mutual nosing and sniffing (Meese and Ewbank, 1973). 
The process of recognition may develop into mutual pushing with 
the shoulders, and when pigs are unacquainted the pushing can 
turn into violence with pigs repeatedly biting and slashing at 
the shoulders (Meese and Ewbank, 1973; Fraser, 1974). Fraser 
(1974) observed six main types of behaviour during social 
encounters : aggression, biting, butting, chasing, fighting and 
running to their pen mates. Biting and chasing were the most 
important activities for the development of the social hierarchy. 
However aggression and fighting would continue until the 
hierarchy was defined (Wood-Gush, 1983). Guhl (1962) suggested 
that fighting occurs only when the hierarchy is being established 
or when a competitive situation (e.g. limited feeding or space) 
requires a reinforcement of relationships among group members. 
The position of an animal in the hierarchy usually establishes 
priority of access to resources and the top ranking positions are 
attained by individuals who fight, chase or displace the other 
members of their groups most successfully (Morse, 1974). 
Submissive behaviour may be signalled in a variety of 
ways during fighting. Meese and Ewbank (1973) observed that 
during fighting or aggression no clear submissive posture was 
taken to inhibit further aggression apart from subordinates 
avoiding or standing with the tails and ears lowered and back 
arched and squealing. McGlone (1986) reported that submissive 
behaviour also includes production of odours which signal 
non-aggressiveness. Leshner (1981) suggested that submissive 
behaviour may be learnt after a series of mistakes made in "playTM 
behaviour which resulted in.being severely bitten or attacked. 
2.2.2 	Feeding behaviour 
When food is available continuously, feeding pattern 
consists of discrete meals with long intervals between meals 
(Auffrey and Marcilloux, 1980; 	Wangsness, Gobble and Sherritt, 
1980). 	Frequency of daily meals ranges from 20-30 in the 
I 
suckling pig, 8-14 after weaning and 3-4 in the adult pig. 	For 
individually fed pigs, Wangsness et al. (1980) observed that 
80-90% of meals were taken during daylight hours. For group fed 
pigs the main meal was in the morning, with one or two subsequent 
meals later in the day and a modest intake during hours of 
darkness (Fraser, 1984). Halasz and Zambo (1970) found two 
peaks of eating activity in the morning and afternoon, although 
throughout the day there were always some pigs at the feeder. 
Feeding behaviour in group fed pigs is controlled 
through the social hierarchy, allelomimetic behaviour and/or 
social facilitation. 	The social hierarchy determines which pigs 
get first access to the feeding trough. 	The subordinate pigs 
eat when the dominant pigs are not near the feeder. 	Factors 
such as feeding regime, feeding space and number of pigs per pen 
would determine whether the pattern set by the social hierarchy 
would change to allow all pigs to eat at the same time. Social 
facilitation and allelomimetic behaviour cause pigs to move in a 
group to the feeding trough. In the presence of a large feeding 
space and abundance of feed all the pigs will eat together, 
however, Hansen, Hagelso and Madsen (1982) reported that social 
fac:ilitiation may result in competition and aggression when feed 
and/or feeding space are limited. 
2.2.3 	Activity patterns and time allocation 
Krider, Albright, P-lumlee, Conrad, Sinclair, Underwood, 
Jones and Harrington (1975); Randolph, Cromwell, Stahly and 
Kratzer (1981); Wood-Gush and Cserrnely (1981); Hansen et zl. 
(1982) and Fraser (1985) classified activity patterns into 
categories describing the behaviour patterns (e.g. eating, lying, 
standing and drinking). 	Randolph et al. (1981) found that the 
times spent lying, standing, and eating were approximately 60%, 
20% and 20% respectively. 	Barnett, Cronin, Winfield and Dewar 
(1984); 	Fraser (1985) and Fraser, Phillips and Thompson (1986) 
found that resting behaviour predominated but environmental 
factors may modify this behaviour. 
Diurnal patterns of activity have been studied when food 
has been available continuously. Fraser (1985) found that 
between 00.00 and 05.00 hours, pigs spent about 94% of their time 
resting or lying, 5% feeding and only 1% in general activity. 
Feeding and drinking activities showed two peaks, one at 07.00 - 
08.00 hours, soon after daybreak and the other between 17.00 
18.00 hours, just before darkness. General activity was 
observed after the morning feeding and before the evening 
feeding. 
2.3 	Genetic variation for behaviour traits in pigs 
Behaviour traits are the outcome of environmental and 
genetic factors. Bessel (1984) reported that too much emphasis 
on environmental factors affecting behaviour obscured the genetic 
contribution to behaviour and restricted the study of behavioural 
genetics. In the subsequent sections evidence of genetic 
variation in behavioural traits and the genetic relationship 
between behavioural and performance traits are discussed. 
2.3.1 	Breed differences in behavioural traits 
Many studies have identified differences in behavioural 
10. 
traits between breeds and breed crosses of livestock and poultry 
but only a few experiments have been done with pigs. 
McBride, James and Hodgens (1964) observed that pigs of 
the Large White breed were more active and aggressive than the 
Berkshire breed, but weight differences were also important. 
Beilharz and Cox (1967a) examined the proportions of successful 
defences of the feeder by pigs as an indicator of social ranking 
(viz a high number of successful defences indicated a high social 
ranking). The number of defences were more variable within 
Hampshire litters than Durocs, which suggested that the stability 
of social ranking for Harnpshires depended more upon the 
difference in ranking between individuals than for Durocs and 
that the Hampshires were more aggressive. 
Dantzer and Mormede (1978) studied exploratory behaviour 
in two halothane genotypes of Pietrain and halothane negative 
Large White pigs, by counting the number of movements from one 
compartment to another compartment of a two compartment cage 
during a fixed time period. Pietrain halothane negative pigs 
were more active than either the Pietrain halothane positive or 
the Large White pigs. Differences between breeds were greater 
than those between halothane genotypes which indicated that 
Pietrain pigs may be more active than Large White pigs. If 
aggressiveness and activity are related then the breed 
differences in aggressiveness may suggest that there are breed 
differences in activity traits. However, research would be 
required in this area to ascertain the validity of the 
assumption. 
12. 
2.3.2 	Within breed variation in behavioural traits 
Few studies have examined within breed genetic variation 
in behaviour traits for pigs. 
Lundstrom, •Rundgren, Edfors-Lilja, Essen-Gustavsson, 
Nyberg and Gahne (1985) examined the effect of halothane 
genotypes on fighting behaviour and number of attacks. There 
were significant genotype and sex effects : the intensity of 
fighting behaviour, the number of attacks and ear injury score 
was highest in the halothane positive guts and lowest in the 
halothane negative castrates. Wangsness, et al. (1980) studied 
feeding behaviour of lean and obese strains of pigs on ad-libitum 
feeding. The obese strain spent a greater amount of time eating 
each day than the lean strain (232 v 153 minutes) and ate at half 
the rate of the lean strain (7.2 v 14.8 g/minute) although the 
lean strain also ate more frequently during daylight than the 
obese strain (91% v 82% of eating time). The number of meals 
per day was the same for both strains. 
Beilharz and Cox (1967b) observed the activity of 7 week 
old Hampshire and Duroc pigs from 460 litters with 4 pigs per 
litter on average. The activity of each pig was monitored by 
counting the number of marked areas within the room which the pig 
entered during one minute. The within breed paternal full-sib 
and 	half-sib 	heritability estimates 	were 	0.44 and 0.14 
respectively which indicated the existance of common 
environmental effects. 
Jonsson (1985, 1986) studied social hierarchy in 70kg 
pigs from 96 sires. Eight like sexed non-littermate pigs were 
penned together and the social hierarchy was determined at 
13. 
feeding time by noting the order in which pigs ate. 	The 
half-sib heritability estimates for ranking in the social 
hierarchy were 0.33 (se 0.12) and 0.16 (se 0.08) for boars and 
guts respectively. 
The limited evidence in pigs suggests that a significant 
proportion of the phenotypic variance of some behavioural traits 
is attributed to additive genetic variance. 
2.3.3 	Relationship between production and behavioural traits 
The phenotypic and genetic relationships between 
behavioural and performance traits have been examined in several 
studies (Table 2.3.1). 
The phenotypic relationships between activity and 
average daily gain or feed conversion ratio on ad-libitum feeding 
suggest that the more active pigs gained less per day and were 
less efficient (Beilharz and Cox, 1976b, Clark, Bell, Tribble and 
Lennon, 1985). On restricted feeding, the phenotypic 
correlations suggest that more aggressive pigs grow faster and 
have more meals (Vargas, Craig and Hines, 1986). 
Jonsson, Hagels5, Jorgensen and Bach (1982) found that 
social rank status (rank I being most dominant and rank 8 the 
least dominant) was negatively phenotypically correlated with 
daily gain but positively correlated with 5t(-.androsterone in boar 
fat. The phenotypic correlations suggest that the higher ranked 
pigs were faster growing and-had higher level of 5b(-androsterone. 
The genetic correlations suggest that the higher ranked pigs had 
faster growth and lower level of 5%-androsterone level (Jonsson, 
1985). Information about the relationship of behaviour with 
TABLE 	2:3.1 
Summary of published genetic and phenotypic correlation estimates between 
behavioural and performance traits in pigs 
Type of Correlation 
Reference correlations Traits estimates 
1 Phenotypic Open field score-weight 154 days of age -0:23 
2 Phenotypic activity 	% - average daily gain -0.43 
activity 	% - feed conversion ratio 0.41 
passive % - average daily gain 0:46 
passive 	% - feed conversion ratio -0.42 
3 F'henotypic Frequency of aggressive acts - feeding 
frequency 0.48 
Frequency of aggressive acts - average 
daily gain 0:56 
4 Phenotypic Social 	rank 	- daily gain 0.15 
Social rank - 5(-androsterone 
on straw 0:18 
Social rank - 5X-androsterone 
without straw 0:25 
5 Genetic Social 	rank status - daily gain -0:66+0:20 
Social rank status - 5t(-androsterone 
in boar fat -0;55+0.27 
References: 1 	Beilharz and Cox 	(1976b); 
2: Clark 	et 	al: 	(1985); 
3. 	Vargas et al: 	(1985); 
Jonsson et 	al: 	(1982); 
Jonsson (1985). 
14. 
production traits is important to the animal breeder when 
establishing selection and breeding programmes. Appropriate 
management of pigs may enable some of the disadvantageous genetic 
relationships to be overcome. 
2.3..4 	Effect of social behaviour on estimates of some genetic 
and phenotyic parameters 
Type of penning (number of pigs per pen) is said to 
influence genetic and phenotypic parameters in breeding 
programmes and also the outcome of the selection programmes 
(Jonsson, 1959; Webb, 1983). Smith (1982) noted that estimates 
within a population under group performance testing are normally 
lower than those estimates within a population under individual 
feeding. 	Heritability estimates of production traits for both 
individual and group fed pigs are given in Table 2.3.2. 	Jonsson 
(1959) reported that group feeding increased the phenotypic 
variance of performance traits through competition within pens 
but had little or no effect on the sire variance component which 
resulted in lower heritability estimates for group fed pigs. 
Standal and Vangen (1985) found similar differences in 
heritability estimates between individual and group penning. 
The farm environment may involve group penning and 
either restricted or ad-libitum feeding. In performance testing 
stations, individual penning with ad-libitum feeding may be used. 
The genetic correlation for production traits measured 
on performance testing station and farms may be less than one, 
due to competition effects from group penning (Webb and Curran, 
1986) and restricted feeding (Hansen et al., 1982). 
15. 
TABLE 2.3:2 
Published estimates of heritability from studies which computed 
estimates from individually fed pigs and from group fed pigs. 
Individual 
References 	Traits 	 Group feeding 	feeding 
	
1 	Daily gain 
Backfat thickness 
Body length 
2 	Daily feed intake 

















References: 1; Jonsson (1959); 2; Standal and Vangen (1985) 
16. 
17. 
The effect of social behaviour on genetic and phenotypic 
parameter estimates would be reduced by ad-libitum feeding of 
group penned pigs. Ad-libitum fed pigs w Duld have a lower level 
of competition within pens which would increase the genetic 
correlation between performance traits measured on farm and 
station. 
2.4 	Halothane stress susceptibility in pigs 
2.4.1 	Introduction 
Porcine stress syndrome (PSS) 	is an economically 
important condition in the pig industry. 	It includes a range of 
symptoms displayed by pigs in response to stress and may lead to 
death or the development of pale soft exudative (PSE) meat in the 
carcass. These symptoms include a rise in body temperature, an 
increased respiratory rate, a systemic acidosis and muscle 
tremor (Lister, 1985). The stress may be associated with mixing 
of animals, transport, physical exertion or exposure in high 
temperatures. Mortality due to PSS varies between breeds and 
ranges from zero in Dutch Landrace (Eikelenboorn, Minkema, Van 
Eldik and Sybesma, 1978) to 12% of halothane reactors in Belgian 
Landrace (Eikelenboom and Minkema, 1974; Webb and Jordon, 1978). 
In most breeds the mode of inheritance of PSS appears to be due 
to a single autosomal recessive gene with high penetrance 
(Carden, Hill and Webb, 1983; Southwood, Simpson and Webb, 
1986). The liability of-pigs to PSS is detected by their 
reaction to halothane anaesthesia (Sybesma and Elkelenboom, 1969; 
iI! 
Webb and Smith, 1977). 	The average time required for the 
halothane positive reaction varies from about 90 seconds to 160 
seconds depending on breed and conditions (Webb et al. 1982), 
and may serve as a guide in halothane testing to prevent 
accidental deaths. 
Halothane 	stress 	suceptibility 	in 	pigs 	has 	been 
extensively reviewed by many authors including Carden (1982), 
Webb et al. (1982) and Southwood (1986). 	Therefore the 
subsequent sections of this chapter review only the areas which 
are pertinent to the study in the thesis : the effect of 
halothane stress suceptibility on production traits and on 
genetic and phenotypic parameters. 
2.4.2 	Effect of halothane stress susceptibility in pigs on 
production traits 
Phenotypic comparisons in a variety of breeds and 
countries (Webb et al., 1982) provide strong evidence that the 
halothane gene, as well as being responsible for liability to 
porcine stress synd rome, has economically beneficial and harmful 
effects on growth and carcass traits. The stress susceptible 
pigs have shorter, heavier, leaner carcasses and smaller backfat 
thickness than the stress resistant pigs. However the stress 
susceptible pigs have poorer meat quality. 
Differences 	in performance traits 	between 	stress 
susceptible and resistant -pigs are dependent on the feeding 
regime (Eikelenboom, Minkema and Van Eldik, 1977). The stress 
resistant pigs are faster growing, eat more and have higher 
backfat measurements than the stress susceptible pigs under 
19. 
ad-libitum feeding. 	On restricted feeding, the stress resistant 
pigs are slower growing and therefore have higher feed conversion 
ratios than the stress susceptible pigs. 
2.4.3 	Effect of 	stress 	susceptibility on 	genetic 	and 
phenotypic parameter estimates 
The effect of stress susceptibility on genetic and 
phenotypic parameter estimates is through the halothane gene. 
This gene has been reported to be a major gene as it has a large 
effect on certain traits (Roberts and Smith, 1982; Smith and 
Webb, 1981). As a major gene its introduction into a population 
will cause an increase in the variances and covariances of traits 
it affects. Smith and Webb (1981) partitioned the genetic 
variance due to an individual locus in order to discuss the 
theoretical effects of a major gene on the heritabilities and 
genetic correlations of traits. A constant within-genotype 
variance for a particular trait was assumed. The population 
with a major gene segregating is expected to have higher genetic 
parameter estimates. 
Studies on the effect of the halothane gene on the 
genetic and phenotypic parameters can be divided into two types 
Comparisons between estimates for a population 
without the halothane gene and a population with the halothane 
gene introduced into it (stress susceptible pigs with genotype nn 
and stress resistant pigs with genotypes NN and Nn respectively). 
Comparison between estimates within two breeds of 
pigs with different proportions of positive reactors or gene 
frequencies. 
There have been few studies on the effects of stress 
susceptibility on genetic and phenotypic parameters and most have 
studied meat quality traits. There is little information for 
growth traits due to the small differences between stress 
susceptible and stress resistant pigs and the dependency upon 
feeding regimes. Brascamp, Eikelenboom and Minkema (1980) 
computed the genetic and phenotypic variances and correlations 
for meat quality, backfat thickness and ham percentage and found 
that the estimates within the stress susceptible pigs were higher 
than those of stress resistant pigs. Gerwig, Vogeli and Schworer 
(1979) estimated phenotypic correlations between growth and 
carcass traits separately for halothane reactor and non-reactor 
pigs. 	The phenotypic correlations for reactor pigs were higher 
than those for non-reactor pigs. 	The greater variation in the 
stress susceptible pigs compared to the stress resistant pigs was 
surprising, as the stress susceptible pigs should all be 
homozygotes compared to homozygotes and heterozygotes in stress 
resistant pigs. However, Webb, Southwood, Simpson and Carden 
(1985) reported that heterozygote pigs may be classed as stress 
susceptible due to a mild reaction to halothane. Carden, et al. 
(1983) and Southwood (1986) found that some heterozygotes reacted 
to halothane and were classed as stress susceptible. The 
inclusion of heterozygote pigs in the stress susceptible group 
may account for some of the increased variation. 
Comparisons of genetic parameter estimates within two 
breeds of different incidences of stress susceptibility have also 
been made. Schworer, Blurn and Rebsamen (1980) compared a Swiss 
Large White population with 3.4% halothane positive reactors and 
6.8% of animals showing PSE meat to a Swiss Improved Landrace 
population with 23.2% halothane positive reactors and 30.5% of 
pigs showing PSE meat. These genetic and phenotypic parameters 
for fattening, slaughtering and meat quality traits were 
generally higher in the Swiss Improved Landrace. Similar 
results were also found by McGloughlin and McLoughlin (1975) for 
Landrace and Large White pigs. These results are as predicted 
by Smith and Webb (1981) due to segregation of the halothane 
gene. 
2.5 	Conclusion 
Social behaviour of growing and finishing pigs reared 
under intensive system needs to be considered by management for 
successful and economic pig production. Components of social 
behaViour include social hierarchy, aggression, resource 
competition, social facilitiation, allelomimetic behaviour and 
feeding behaviour. The behaviour of the pigs either in groups 
or individually is modified by environmental as well as genetic 
factors. Behaviour traits have been shown to be genetically 
correlated with certain growth and carcass traits in pigs. 
Selection for production traits may have resulted in correlated 
changes in behaviour traits which may or may not have been 
economically advantageous. Therefore, more information is 
required on the genetic variation of behaviour traits and the 
genetic relationship between behaviour traits and production 
traits for the establishment of optimal pig breeding programs. 
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Differences in genetic and phenotypic parameters for 
carcass traits have been reported between halothane stress 
susceptible and stress resistant groups of pigs. Higher parameter 
estimates for stress resistant pigs compared to stress 
susceptible pigs are expected due to segregation of the halothane 
gene. However, the classification of heter.ozygote pigs as 
stress susceptible may be one of the factors which are confusing 
the explanation of differences in genetic parameters for stress 
susceptible and stress resistant pigs. However more genetic 
information for the effect of the halothane gene on performance 
traits in pigs is required in order to predict correlated 
responses to selection for performance traits in populations 
where the halothane gene is present. 
] 
CHAPTER 3 
GENETIC VARIATION IN BEHAVIOUR TRAITS 
3.1 	Introduction 
There have been few studies to examine genetic variation 
in behaviour traits, although there are many experiments on 
environmental factors influencing behaviour (Banks, 1982). 
Selection for lean, fast growing pigs may have resulted in 
correlated changes in behaviour traits (Kilgour and Dalton, 1983; 
Luncistrom et al., 1985). Therefore, to optirnise the rate of 
genetic progress in production traits, information on the genetic 
variation of behaviour traits and their covariation with 
production traits is required. 
This study examined differences in behaviour traits 
between Duroc and Landrace pigs under two feeding regimes (ad 
libitum and restricted) in both sexes (boars and guts). The 
genetic variation in these traits and their relationship with 
some production traits were also studied. 
3.2 	MATERIALS AND METHODS 
Experimental pigs 
Duroc and Landrace populations have been developed for 
research at the Mountmarle Farm of the Animal Breeding Research 
Organisation (ABRO). The Duroc herd originated from an 
importation of live pigs f-rorn North America in 1970 and was 
upgraded in 1980 using frozen semen from "International Boar 
Semen" of Eldora, Iowa. The herd contained 50% of genes from the 
1980 importation. The Landrace pigs were a sample from the 
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halothane negative British Landrace selection line established at 
ABRO in 1980 to study the inheritance of porcine stress syndrome. 
Treatments 
A total of 80 Duroc and 80 Landrace progeny were 
performance tested at ABRO. The pigs were equally allocated to 
two feeding regimes (ad- libitum and restricted : a feed scale 
determined by the time on test to be approximately 0.75 g/g 
ad-libiturn daily food intake) (Table 3.2.1) and two diets of 
commercial interest. 
Within each breed there were 10 full sib families of 
four boars and four guts and litterrnates were allocated to 
different feeding regimes and diets. The pigs were penned in 
groups of one, two, three and four like-sexed, unrelated pigs per 
pen. The experimental design is given in Table 3.2.2. 
Environment 
The individually penned pigs were in pens with partly 
slatted floors of 2.20m x 1.16m. 	The group penned pigs were in 
pens of rough concrete floors bedded with straw of 3.15rn x 1.34m. 
Pens of one, two, three and four pigs provided a space allowance 
of 2.55, 2.11, 1.41 and 1.06 square metres per pig, respectively. 
Water was always obtainable from a metal nipple drinker in all 
pens. 
Performance testing 
All pigs started test at a pen mean weight of 30+3kg and 
finished test at either 70 days on test for restricted fed pigs 
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TABLE 3.2.1 	Restricted feeding scale 
Test Week 	Daily Feed per pig (kg/day) 











TABLE: 3.2.2 	Experimental design for behavioural study 
Feeding regime 	Ad-libitum 	 Restricted 
Breed 	 Diet 1 	Diet 2 	Diet 1 	Diet 2 
Boars 10 10 10 10 
D u roc 
Guts 10 10 10 10 
Boars 10 10 10 10 
Land race 
Guts 10 10 10 10 
+Each group of 10 like sexed, non litter mates were in pens 
of 1,2,3 or 4 pigs. 
or at a pen mean weight of 85+5 kg for ad-libitum fed pigs. 
Pigs were penned at least one week before the start of test to 
allow acclimatisation to both diet and pen. Ultrasonic backfat 
measurements were taken on each pig, 6.5 cm off the mid-line at 
the shoulder, mid-back and loin on both sides of the pig at the 
end of test. Pen feed consumption was recorded and daily feed 
intake and feed conversion ratio were calculated as pen means. 
Behaviour observations 
Pigs within pens were clearly identified by individual 
tagging. In pens with 2 pigs, one had a yellow and the other a 
red tag, 3 pigs/pen a red, yellow or green tag and 4 pigs/pen a 
red, yellow or green tag or no tag. The ear numbers for 
identification of parentage and coloured ear tags for rapid 
identification for behaviour studies were both used. 
Tail biting was studied by weekly observation during 
test. The actual tail biting act was not always observed but the 
pigs with their tails bitten within each pen were noted. 
Scan sampling (Altmann, 1974) was used to record the 
animals' behaviour (eating, lying, standing or drinking) at 
15-minute intervals during one day per week of observation 
between 08.30 and 15.30 hours. For each pig, the frequency of 
the behaviour traits were calculated on each day of observations. 
The registered forms of behaviour were 
Eating activity : the p.ig was standing with its head in the 
feeder and eating. 
Lying activity : the pig was not standing but resting on the 
floor. 
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Standing activity : the pig was either standing or walking on 
its four feet without engaging in any other behaviour. 
Drinking activity : the pig's mouth was in contact with the 
nipple drinker and drinking. 
General activity : pig was on its feet regardless of the 
behaviour it was engaged in (e = a+c+d). 
The frequency of eating, standing, drinking and lying 
behaviour for each pig was assumed to be equal to the percentage 
of time that each pig was engaged in these activities. 
Statistical Analysis 
Tail biting : The incidence of tail biting within each pen, 
calculated as the percentage of tail-bitten pigs at the end of 
test, was transformed using the arcsine transformation (Snedecor 
and Cochran, 1980). The transformed data were analysed by 
analysis of variance (Harvey, 1977) with effects fitted for 
breed, pensize (number of pigs/pen), sex, feeding regime, diet 
and two way interactions. 
Repeatability of activity pattern traits. 	The percentages of 
the traits recorded during each week of test were transformed 
using the arcsine transformation. The residual correlations 
between weekly observations were calculated after fitting effects 
for breed, pensize, sex, feeding regime and diet to determine the 
repeatability of each trait throughout the test period. 
Approximate standard errors of the repeatabilities were 
estimated from the following formula: 
WE 
Variance of overall repeatability 	= V(r)(l + ij(nk_ 1 ))/nk) 
Variance of repeatability (weeks apart)= V(r)( 1 + flk(r))/flk) 
where V(r 1 ) is the variance of the residual correlation between 
two weekly observations (1/(n-3); n is the residual degrees of 
freedom), where i and j are the ith and jth weeks, nk  is the 
number of correlations and r . is the mean correlation. 
Performance and activity pattern traits 
The mean percentage of the behavioural traits, over the 
weeks of the test, for each pig were transformed using arcsine 
transformation (Snedecor and Cochran, 1980). The performance 
and behavioural traits were analysed by analysis of variance, 
fitting effects for breed, pensize, sires within pensize by breed 
interaction, sex, feeding regime, diet and interactions between 
fixed effects. 	Interactions which were not statistically 
significant (p>0.10) were excluded from the final model. 	The 
ultrasonic backfat measurements of ad-libitum fed pigs were 
adjusted using the phenotypic regression of backfat measurement 
on end of test weight, to account for variation in backfat 
measurement due to variation in end of test weight. 
Sires within breeds by pensize interaction and the 
residual were random terms in the model and the main effects and 
interactions were fixed terms. 	Two computer runs were needed to 
obtain the appropriate mean squares for testing the main effects 
and interactions. 	The computer runs and the procedures used to 
obtain the degrees of freedom and mean squares are outlined in 
Table 3.2.3. 
The sires within breed by pensize interactions' degrees 
of freedom (DF) and sum of squares (SS) are calculated from the 
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	Computer runs for obtaining appropriate degrees of 
freedom and mean squares 
F 	= effect fitted 
A = effect absorbed 
(A) = effect automatically absorbed 
Runi Run2 
Breed (B) F (A) 
Pensize 	(P) F (A) 
BXP F (A) 
Sires/(BXP) A 
Fixed effects F F 
difference between Run 1 residual DF and SS and Run 2 residual DF 
and SS. 	Effects of breed, pensize and breed by pensize 
interaction were tested against sires within breeds by pensize 
interaction. 	All other 'effects were tested against the 
residual. 	After analysis the overall means and the least square 
means were transformed back into percentages. 
The genetic parameters for performance traits and 
arcsine transformed value of the overall mean of each pig's 
activity trait were calculated from analysis of variance and 
covariance (Harvey, 1977) for ad-libitum and restricted fed pigs 
separately. 
The heritability estimate was calculated from 
h 2  = 262/(62442) where 
and 62  are the sire and error variance components, 
respectively as progeny within sires were full sibs. The 
standard error of the parameter estimates were calculated 
according to Becker (1980). 
3.3 	Results 
Incidence of Tail biting 
The effects of breed, sex, feeding regime and pensize on 
the incidence of tail biting are given in Table 3.3.1. The 
incidence of tail biting was greater in Landrace than in Duroc 
pigs (p<0.05). Incidence of tail biting increased with 
pensize although only the differences between pensizes 2 with 3 
and 4 were statistically significant (p<0.05). 
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TABLE 3.3.1 	Effect of breed, sex, feeding regime and pensize on 
the arcsin transformation on the incidence of tail 
biting 
Effects 	Least squares means sed 
Breed 	 Duroc Landrace 
13(5)+ 42(45) 6 
Sex 	 Boar Gilt 
32(28) 23(16) 6 
Feeding regime 	Ad-libitum restricted 
27(20) 29(23) 6 
Pensize 	 2 pigs/pen 	3 pigs/pen 	4 pigs/pen 	sed 
8(2) 	 34(31) 	42(44) 	 9 
+ Numbers in brackets on the incidence of tail biting on the 
original scale 
Repeatability of behavioural traits 
The repeatability estimates for the activity traits are 
given in Table 3.3.2. The repeatability of lying, standing and 
general activity were higher than for eating and drinking 
activity. The repeatability of lying, standing and general 
activity decreased as the number of weeks between observations 
increased. Eating and drinking activities were only repeatable 
for one week between observations. 
Performance and Activity pattern traits 
The effects of breed, sex, feeding regime on activity 
and performance traits are given in Table 3.3.3. Landrace pigs 
had proportionately fewer pigs eating or lying and therefore more 
pigs standing than the Duroc pigs. The ad-libitum fed pigs had 
significantly more pigs lying and fewer pigs eating, standing and 
drinking compared to the restricted fed pigs, but there were no 
differences between boars and gilts for all activity traits. 
There was no difference between Duroc and Laridrace pigs 
for all the performance traits. Boars grew faster, had lower 
backfat measurements and better pen mean feed conversion ratios 
than the guts. The ad-libitum fed pigs grew faster and had 
higher backfat measurements, pen mean daily feed intake and feed 
conversion ratio than the restricted fed pigs. The effect of 
pensize on activity and performance traits is given in Table 
3.3,4. As the pensize increased, the proportion of time spent 
eating and standing decreased and the proportion spent lying 
increased. 	There was no trend for time spent drinking with 
changes in pensize. 	There were no significant differences in 
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TABLE 3.3.2 	Repeatability of some activity pattern traits 
Eating Lying Standing Drinking General 
activity activity activity activity activity 
0.05+0.16 0.26+0.30 0.25±0.29 0.07+0.18 0.26+0.30 
0.23+0.16 0.44+0.20 0.40+0.19 0.17+0.14 0.44+0.20 
-0.06±0.11 0.2770.16 0.25+0.16 0.02+0.10 0.2770.16 
-0.07+0.07 0.28+0.16 0.27+0.15 0.14+0.13 0.28+0.16 
0.01+0.10 0.2170.13 0.1770.13 0.04+0.10 0.21+0.13 
0.05±0.10 0.18+0.12 0.19+0.12 0.02+0.12 0.18+0.12 
0.01+0.10 0.12;0.11 0.16+0.11 0.0570.10 0.06+0.10 
0.06+0.10 0.01+0.09 0.03+0.10 0.03+0.10 0.02+0.10 
0.11+0.10 0.13+0.10 0.13+0.10 0.01+0.09 0.13+0.10 
0.05(0.13) 0.21(0.23) 0.20(0.22) 0.05(0.13) 0.20(0.22) 
Overall 
repeatability 
(Average of (8x7)/2) 
Repeatability 









(Average of 8) (se) 
TABLE 3.3.3 	Effect of breed, sex and feeding regime on activity and performance traits 
Traits 	 mean 	residual 	(Landrace-Duroc) 	sed 	(boars-gilts) 	sed 	(ad-lib.-restricted) sed 
s.d. 
Behavioural 	traits 	(arcsin) 
Eating activity.  16(8)+ 
Lying behaviour 54(66) 
Standing activity 28(22) 
Drinking activity 11(4) 
Performance tra its: 
Average daily gain 	(kg/d) 0.78 




Average backfat (cm) 1.90 
Pen means: 
Daily feed 	intake (kg/d/pig) 1.99 
Feed conversion ratio 
(kg of teed/kg of gain) 2.58 
3.0 -0.9(-1) 0.3 0.2(0) 0.4 -3.8(-4) 0.4 
9.0 -4.8(-8) 1.2 -0.3(-1) 0.7 14.2(24) 0.7 
8.2 5.9(9) 1.2 -0.2(0) 0.7 -11.7(-17) 0.7 
3.7 0.3(0) 0.7 0.6(0) 0.5 -4.1(-3) 0.5 
0.12 -0.05 0.02 0.08 0.01 0.13 0.01 
0.52 -0.02 0.19 -0.17 0.06 0.46 0.06 
0.34 -0.07 0.13 -0.16 0.04 0.31 0.04 
0.38 0.06 0.13 -0.21 0.04 0.33 0.04 
0.39 -0.01 0.14 -0.18 0.05 0.37 0.05 
0.44 -0.10 0.08 -0.09 0.08 0.60 0.08 
0.46 0.02 0.00 -0.38 0.09 036 009 
+Numbers in brackets are the incidences of activity traits on the original scale 
U, 








Behavioural 	traits arcsin 
Eating activity 19(10) 17(9) 17(9) 16(7) 0.5 
Lying behaviour 50(59) 53(63) 53(64) 57(70) 2.4 
Standing activity 32(28) 28(23) 28(23) 26(19) 2.3 
Drinking activity 9(3) 12(4) 12(4) 10(3) 1.4 
Average daily gain 	(kg/d) 0.73 0.83 0.76 0.78 0.05 
Fat depths 	(cm): 
Shoulder 2.69 2.83 2.69 2.73 0.25 
mid back 1.46 1.50 1.36 1.44 0.37 
loin 1.38 1.51 1.32 1.41 0.26 
Average backfat (cm) 1.89 2.00 1.84 1.91 0.29 
Pen means: 
Daily feed 	intake (kq/d/pig) 1.92 2.03 1.92 2.09 0.18 
Feed conversion ratio 
(kg of feed/kg of gain) 2.63 2.45 2.56 2.68 0.16 
+ Figures in parentheses are iiricidences of activity traits on the original scale 
(A) 
performance traits due to pensize although the growth rate and 
feed conversion ratio for 2 pigs/pen were better than for other 
stocking rates. 
Important interactions 
Breed by feeding regime interactions were significant 
for lying, standing and general activity. For lying activity, 
there were a greater proportion of Landrace pigs on ad-libitum 
feeding and a smaller proportion on restricted feeding than 
Durocs. 	Opposite results were obtained for the standing and 
general activity. 	Pen size by feeding regime interactions were 
significant for standing and general activity. 	As pensize 
increased the proportion of time spent standing and on general 
activity increased on ad-libitum feeding but decreased on 
restricted feeding. 
Genetic and phenotypic parameters within feeding regimes 
The genetic and phenotypic parameter estimates for 
ad-libitum and restricted-fd pigs are given in Tables 3.3.5 and 
3.3.6. The sire component for eating activity was negative and 
therefore the genetic variance for eating activity and its 
covariances with other traits were not calculated. The 
heritability estimates for ad-libitum fed pigs were generally 
lower than those of restricted fed pigs by about 0.13. The 
difference between the estimates on the two feeding regimes, 
however, was not significant for any behavioural traits. 
The heritability estimates of restricted fed pigs for 
average u1tr5ofliC. backfat, shoulder fat depth, mid-back 
fat depth and loin fat depth were lower than those of ad-libitum 
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TABLE 3.3.5 	Estimates of Genetic and Phenotypic Parameters*  under ad-libitum feeding 
2 	 3 	 4 	 5 
	









Shoulder fat depth 
Mid-back fat depth 
10.Loin fat depth  
	
-0.33(0.13)+ 0.03(0.14) 	0.07(0.14) 	0.33(0.13) 	0.09(0.14) 	0.07(0.14) 	0.05(0.14) 	0.09(0.14) 	0.06(0.14) 
0.29(0.24) -0.91(0.06) -0.47(0.12) -1.00(0.00) 	0.04(0.14) 	0.35(0.13) 	0.34(0.13) 	0.31(0.13) 	0.34(0.13) 
-1.01(0.45) 	0.28(0.24) 	0.23(0.13) 	0.91(0.06) -0.16(0.13) -0.44(0.12) -0.40(0.12) -0.41(0.12) -0.42(0.12) 
-1.53(0.60) 	1.49(0.61) 	0.15(0.23) 	0.47(0.12) 	0.23(0.13) -0.03(0.14) -0.07(0.14) 	0.02(0.14) -0.02(0.14) 
-1.00(0.44) 	1.01(0.45) 	1.53(0.60) 	0.29(0.24) -0.04(0.14) -0.35(0.13) -0.34(0.13) -0.31(0.13) -0.34(0.13) 
0.35(0.37) -0.74(0.38) 0.83(0.50) -0.35(0.37) 0.44(0.26) 0.44(0.12) 0.30(0.13) 0.50(0.12) 0.48(0.12) 
0.81(0.19) -1.07(0.20) -0.39(0.26) -0.81(0.19) 1.08(0.16) 1.29(0.21) 0.92(0.06) 0.95(0.04) 0.94(0.04) 
0.90(0.27) -1.18(0.28) -0.53(0.37) -0.90(0.27) 1.17(0.23) 1.02(0.20) 0.82(0.26) 0.78(0.09) 0.76(0.09) 
0.71(0.19) -0.98(0.20) -0.25(0.26) -0.71(0.19) 1.06(0.16) 1.00(0.10) 1.05(0.12) 1.29(0.21) 0.92(0.06) 
0 -1.09(0.22) -0.35(0.29) -0.85(0.21) 1.05(0.18) 1.01(0.09) 1.06(0.13) 1.00(0.09) 1.71(0.23) 
• *Estima tes  of heritability are on the diagonal, genetic and phenotypic correlation estimates are below and above the diagonal, 
respectively. 
+Figures in the parentheses are standard errors. 
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TABLE 3.3.6 	Estimates of Genetic and Phenotypic Parameters* under restricted feeding 
2 	 3 	 4 	 5 
	
6 	 7 	 8 	 9 	 10 
	
-0.35(0.13)+ 0.08(0.14) 0.21(0.13) 	0.35(0.14) 	0.02(0.14) -0.06(0.14) 	0.01(0.14) -0.12(0.14) -0.10(0.14) 
0.42(0.26) -0.91(0.06) -0.42(0.12) -1.00(0.00) 	0.06(0.14) -0.05(0.14) -0.04(0.14) -0.03(0.14) -0.08(0.14) 
-0.99(0.32) 	0.44(0.26) 0.08(0.14) 	0.91(0.06) -0.15(0.13) -0.02(0.14) -0.05(0.14) -0.02(0.14) 	0.04(0.14) 
-0.27(0.42) 	0.11(0.41) 0.24(0.24) 	0.42(0.12) 	0.25(0.13) 	0.28(0.13) 	0.28(0.13) 	0.27(0.13) 	0.24(0.13) 
-1.00(0.33) 	0.99(0.33) 0.27(0.42) 	0.42(0.26) -0.06(0.14) 	0.05(0.14) 	0.04(0.14) 	0.03(0.14) 	0.08(0.14) 
-0.33(0.28) 0.13(0.28) 1.01(0.36) 0.33(0.28) 0.56(0.26) 0.66(0.10) 0.66(0.10) 0.61(0.11) 0.60(0.11) 
-0.96(0.32) 0.82(0.31) 1.08(0.40) 0.96(0.32) 0.86(0.27) 0.45(0.26) 0.96(0.04) 0.96(0.04) 0.93(0.05) 
-0.95(0.33) 0.78(0.31) 1.10(0.40) 0.95(0.33) 0.80(0.27) 0.99(0.30) 0.46(0.26) 0.86(0.07) 0.80(0.08) 
-0.84(0.30) 0.74(0.29) 0.99(0.36) 0.84(0.30) 0.88(0.26) 1.03(0.29) 1.06(0.29) 0.50(0.26) 0.91(0.06) 










Shoulder fat depth 
Mid-back fat depth 
10.Loin fat depth 
Estimates of heritability are on the diagonal, genetic and phenotvpic correlation estimates are below and above the diagonal, 
respect ively. 
+Figures in the parentheses are standard errors. 
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fed pigs except the estimate for average daily gain. 	The 
difference between the two feeding regimes was significant for 
average backfat and fat depth at mid-back and loin. 
Lying activity was phenotypically positively correlated, 
standing activity and general actively were negatively correlated 
with the various fat depth measurements on ad-libitum feeding 
(P<005). On restricted feeding drinking activity was 
phenotypically correlated with average daily gain and the various 
fat depth measurements. 
On ad-libitum feeding, lying behaviour was genetically 
positively correlated with the average daily gain and with the 
various fat depth measurements while standing activity or general 
activity was negatively correlated with average daily gain and 
the various fat depth measurements. On restricted feeding the 
opposite was found, and lying behaviour was negatively correlated 
with the average daily gain and the various fat depth 
measurements while either standing activity or general active 
behaviour was postively correlated with the traits. 
3.4 	Discussion 
Repeatability of activity pattern traits 
Repeatability estimates of the activit y traits in the 
study are low. Falconer (1981) suggested that traits with low 
repeatabilities justify the taking of multiple measurements as 
greater accuracy will be achieved compared to using only one 
measurement. The repeatability estimates dec'Jined with 
increasing number of weeks apart which suggests that the 
reliability of the parameter estimates could have been improved 
by observing the pigs every other day or on consecutive days for 
a period of 4 days as was done by Fraser (1985). However other 
operations on the farm did not make that possible. 
Tail biting. 	Banks (1982) reported that although Ewbank (1973) 
speculated that tail biting has genetic and environmental 
influences, no scientific work has been carried out to determine 
whether there are breed differences in tail biting. The results 
of the current work indicate the trait is more common in the 
Landrace than the Durocs and suggests genetic differences between 
breeds. The experimental design required unrelated pigs to be 
penned together which made it difficult to estimate the 
heritability. If full sibs or paternal haif-sibs were penned 
together then the heritability can be estimated as the incidence 
would be on a family basis. Further work would be required to 
assess the magnitude of the genetic variation which would give an 
indication of how successful selection against it would be. The 
genetic relationship between tail biting and production traits 
would need to be appreciable before considering tai.l bitin.g for._ 
inclusion in a breeding programme for economic and welfare 
purposes. 
This study found no significant differences in incidence 
of tail biting between boars and guts which is similar to the 
results of Blackshaw (1981). Penny, Hill, Field and Plush 
(1972) found from their abattoir studies that twice as many males 
had their tails bitten off than gilts and Hansen et al. (1982) 
found that guts had significantly higher incidence of tail 
biting and were more aggressive than castrated males. These 
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variable results of sex effects of tail biting suggest that there 
is currently inconclusive evidence. 
Nielsen and Madsen (1974) recorded more tail biting in 
groups of pigs fed from a single self feeder than groups of pigs 
on restricted feeding from •a trough. Hansen et al. (:1982) also 
found a lower incidence of tail biting in pens with several self 
feeders than pens with a single self feeder. Both studies 
indicate that restricted feeding causes higher incidence of tail 
biting. This current study, however, failed to detect 
significant difference in incidence of tail biting between 
ad-libitum fed and restricted fed pigs. 
The number of pigs per pen influences the behaviour of 
pigs through effects of crowding under intensive systems. In 
pens where tail biting occurred and the actual behaviour was 
observed, the tail biters bit the tails of penmates when their 
access to the feeder was hindered. The increase in incidence of 
tail biting resulting from increased, number of pigs per pen in 
the current study was in agreement with those finding'; of Krider 
et al. (1975) and Fritschen (1976). 
Activity traits. 	No scientific work has been published on breed 
differences in the behavioural traits studied here. 	The current 
study detected breed differences, in the activity traits which 
indicate that Durocs are less active or more docile than Landrace 
pig5;. This may possibly be because Durocs are less aggressive 
or able to adapt quicker to new environments or to unfamiliar 
pigs than the Landrace (Wiliham, Cox and Karas, 1963; Wiliham, 
Karas and Henderson, 1964 and Dantzer and Morrnede, 1978). Breed 
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by feeding regime interactions were found for lying., standing 
activity and general activity which indicated that under a 
competitive situation the Landrace pigs were more active and 
aggressive or Durocs learnt to adopt more of a lying behaviour as 
a means of preventing aggression. The evidence of breed 
differences in activity traits suggest that differences are also 
likely to exist within breed. 
As expected from the results of Graves, et al. (1978) 
and Lundstrom et al. (1985), behavioural traits did not vary 
significantly between sexes. This study found that 
proportionately more pigs were observed lying and fewer standing 
on ad-libitum feeding than on restricted feeding. Pigs on feed 
restriction became restless and spent a greater proportion of 
their time searching for food or investigating the pen as 
reflected by their higher percentage of standing activity or 
general activity. The results of this study are in agreement with 
results of Ewbank (1973), Graves etal. (1978) and Hansen et al. 
(1982). 
Crowding affects behaviour of pigs through the number. of 
pigs per pen or the pen space per pig, are confounded in most 
studies. 	When these factors are studied separately, both have 
been found to have effect on behaviour. 	This study suggests 
that group penning and/or number of pigs per pen influences 
behavioural traits. 	These findings are in agreement with those 
of Heitmann, Hahn, Kelly andBond (1961); 	Krider et a]. (1975) 
and Randolph et al. (1981). 	However, the current results 
conflict with results of Bryant and Ewbank (1974) and Oka, Smith 
and Pattie (1982). 	Oka et a]. (1982) found similar results as 
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in the current study for eating activity but found that 
individually fed and group fed pigs had similar lying, standing 
and drinking activity. Bryant and Ewbank (1974) found a higher 
proportion of pigs standing as the number of pigs per pen was 
increased but started their pigs on restricted feeding and then 
changed to ad-libitum feeding. The restricted feedinq and space 
caused pigs to search for food and space more often in pens with 
higher number of pigs per pen. 
Genetic variation in activity traits 
The moderate heritability estimates of the activity 
traits in this study indicate that genetic differences in 
behaviour exist within breeds and that genetic selection for or 
against the traits may be successful. The higher heritabilities 
for activity traits on restricted feeding suggest that feed 
restriction is important in increasing the variation of 
behavioural traits. These estimates should only be a guide due 
to the large standard errors, until more adequate data is 
collected and analysed. 
In view of the potential use of behavioural traits in 
commercial breeding programmes, it is necessary to know their 
genetic and phenotypic correlations with performance traits. The 
signs of the genetic correlation estimates between activity 
traits and performance traits under the two feeding regimes were 
different. On ad-libitum-feeding the more active pigs grew 
slower and had lower backfat depths and on restricted feeding 
they grew faster and had greater backfat depths. The slower 
growth and smaller backfat depths of more active pigs on 
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ad-libitum feeding may be due to them requiring more energy for 
the activities than less active pigs. 	However, the more active 
pigs on restrictive feeding may also be more aggressive and so 
eat more resulting in faster growth rates and greater backfat 
depths than less active pigs. 	The signs of these genetic 
correlations are in agreement with the phenotypic correlations of 
Clark et al. (1985) who studied pigs on ad-libiturn feeding and 
Vargas et al. (1986) who studied pigs under both feeding regimes. 
Experimental design 
The experiment was designed to study meat quality in 
Duroc and Landrace pigs and the behaviour study was later 
incorporated into it. However the results may have been 
improved had it been designed basically for behaviour studies 
since less effects would have needed to have been examined. 
Should it be necessary to repeat the study it should be designed 
to study only the genetic variation in the behavioural traits 
with few environmental effects including pensize and pigs fed 
same diet and under same feeding regime. 
The 	data 	set was 	sufficiently 	large to detect 
differences in the fixed effects but was not adequate for the 
study of genetic variation and covariation. Therefore, the 
genetic parameter estimates have large standard errors. 
The individual fed pigs were housed in a different house 
from the group fed pigs, and pensize and house were confounded. 
The ad-libitum fed pigs probably engaged in eating 
activities more often outside the daily period of observation 
used in this study. Fraser (1985) observed two peaks of eating 
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activity between 07.00-08.00 hours and 17.00-18.00 hours. 	This 
limitation may be responsible for the lower incidences of eating 
activity of the ad-libitum fed pigs when compared with the 
restricted fed pigs. The restricted fed pigs may also be 
slightly affected by the length of interval between observations 
w'ithin each day. Pigs on restricted feeding stay by the feeder 
to eat when feed is provided and will not leave until feed is 
finished or are forced to by a more dominant pig. 
Twenty four hour observation and with shorter intervals 
of 5 or 10 minutes between registrations of behaviour would 
probably increase the reliability of estimates, however, this 
might not be feasible with larger numbers of pigs required for a 
genetic study. Video recorders could be used for the observation 
and classification of activity traits could be made from the 
video recording. 
3.5 	Conclusion 
The 	study 	indicated 	that 	Landrace 	pigs 	had 
proportionately more tail biting and more pigs standing and fewer 
pigs eating or lying during observation than Duroc pigs. Feeding 
regime and pensize also had significant effects on behavioural 
traits. 	Feeding regime and sex influenced performance traits 
but not breed or pensize. 	The heritability estimates for 
ad-libitum fed pigs were generally lower for behavioural traits 
and average daily gain and were higher for fat depth measurements 
than for restricted fed pigs. The signs of the genetic 
correlation between lying, standing or general activity and the 
performance traits under ad-libitum feeding were different from 
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those of restricted fed pigs. 	The different sign of the genetic 
relationship under the two feeding regime indicates that on 
ad-libitum feeding, the more active pigs grew slower and had 
lower backfat depths. On restricted feeding the more acttve pigs 
grew faster and had greater backfat depths. 
The difference in genetic parameters for activity and 
performance traits due to feeding regime suggest that responses 
to selection for commercially important traits are to be 
dependent upon the feeding regime. 
CHAPTER 4 
THE EFFECT OF HALOTHANE STRESS SUSCEPTIBILITY IN PIGS ON 
PERFORMANCE TRAITS AND ON GENETIC PARAMETERS 
4.1 	Introduction 
Porcine stress syndrome (PSS) includes a range of 
symptoms displayed by pigs in response to stress which may lead 
to death or the development of pale soft, exudative meat in the 
carcass. Stress may be associated with mixing of pigs, 
transport, physical exertion or exposure to high temperatures. 
Pigs with PSS can be detected by their reaction to halothane 
anaesthesia (Sybesma and Elkelenboom, 1969; 	Webb and Smith, 
1977). 	The inheritance of PSS appears to be due to a single 
autosomal recessive gene with high penetrance (Carden et al., 
1983; Southwood et al., 1986). The theoretical effects of the 
gene on genetic and phenotypic parameter estimates have been 
considered by Smith and Webb (1981). 
This study investigated the effects of halothane stress 
susceptibility on some performance traits and studied the genetic 
parameters for performance traits from stress susceptible and 
stress resistant groups of pigs. The effect of number of pigs 
per pen on test performance was also examined. 
4.2 	Materials and Methods 
Lines of Pietrain-Harnpshire pigs, stress susceptible 
(SS) and stress resistant (SR) were obtained by selecting for 
positive and negative reactions to halothane anaesthesia for 6 
generations (Webb et al., 1982). The proportions of Pietrain 
and Hampshire in the synthetic were 0.40 and 0.60 respectively, 
with an initial frequency of 0.20 halothane positive reactions. 
The frequency of halothane reactions changed to 0.92 and 0.07 
after only two years of divergent selection, and reached 0.96 and 
0.00 after nine years (1975-1984). The lines were maintained at 
the then Animal Breeding Research Organisation's Mountmarle farm 
in Roslin, Scotland, with pigs being kept for one farrowing only. 
Each pig was halothane tested at 8 weeks of age for a period of 3 
minutes. 
Pigs in both lines were weaned at 50 days of age and 
randomly selected for performance testing. The pigs were penned 
either individually or in like-sex littermate groups of 2, 3 or 4 
with ad-libituin feeding. The pen mean start weight of 
performance test was 25kg and the test finished when the mean pen 
weight was 85kg. At the end of test, ultrasonic backfat 
thickness was measured at 6.5cm off the midline at the shoulder, 
mid-back and loin on both sides of the pig and the six 
measurements averaged. 
The data on 720 pigs (505 SR and 215 SS) were obtained 
over generations 2 to 6 (1976-1981). The individual average 
daily gain, mean ultrasonic backfat thickness, age at end of 
test, pen feed conversion ratio and pen daily feed intake were 
recorded. 
Statistical Analysis 
The mean ultrasonic backfat measurement and age at end 
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of test were adjusted to the same end of test weight of 85kg 
using the between pig regression coefficients. The daily feed 
intakes were similarly adjusted to same start and end of test 
weights (25kg and 85kg respectively). 
The effects of stress susceptibility on performance 
traits were determined using hierarchical least squares analysis 
of variance (Harvey, 1977). The model included effects of 
generation, line, sires within generation by line interaction, 
dams within sires, sex, pensize (number of pigs per pen) and 
generation by line interaction. Generations, lines and 
generation by line interactions were tested against sires within 
generation by line interaction. Effects of sires and pensize 
were tested against dams within sires, and dams within sires and 
sex effects were tested against the residual. 
The effect of stress susceptibility on genetic and 
phenotypic parameters was determined by means of hierachical 
analysis of variances and covariances within and between lines 
using the HIERF program (Mann and Thompson, 1981). The model 
included effects for generation, line, line by generation 
interaction, sires within line by generation interaction, dams 
within sires, sex and pen within dams. Heritabilities, genetic 
and phenotypic correlations between individually recorded traits 
were calculated using methods of Becker (1980). The 
heritabilities of feed conversion ratio and daily feed intake 
which were recorded as pen reans were estimated using the method 
of Lundeheim, Johansson and Andersson (1980). This was based on 





1 + (n-1)(Rh 2 + c2 ) 
h 2 	heritability calculated on group averages. 
(h=4 o2/(cc2+di2+ç2) for pen recorded traits, residual 
variance 	= d pen 
the average full-sib group size 
h2 	heritability calculated on individual observations 
c2 : common environmental effects 
R 	= average genetic relationship within the full-sib group 
(=0.50). 
The 	common 	environmental 	variance 	(c2 ) 	between 
litterrnates was estimated as 
c2 = (d2_62)/(ç2 + 
	
+ 	+ 	for the 




 and 	represent the sire variance component, 
dam variance component, component of variance of pen within dam 
and error variance respectively. 
Approximate standard errors of heritabilities and 
genetic correlations were estimated using methods of Becker 
(1980). 
The theoretical effect of the frequency of the halothane 
gene on genetic variation in a segregating population was 
studied. From Falconer (1981), the additive genetic variance 
due to the halothane (Hal) jocus is denoted by 62 A(H) = 2Pc 2 
where o(= a+d(q -p), p is the frequency of the Hal-gene in 
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the population, p=(1-q), a is half the difference between the two 
homozygous genotypes while d is the difference between the 
heterozygous genotype and the mean of the homozygous genotypes. 
is the average effect of the gene substitution. For the 
purpose of the theoretical analysis d was assumed to be zero (no 
dominance) thus 62A(H) = 2pqa 2 as data in study did not include 
all the values for computation of d. 
4.3 	Results 
Differences between stress susceptible and stress 
resistant lines for performance traits are given in Table 4.3.1. 
The stress susceptible line had significantly lower (P < 0.001) 
backfat measurements, but differences between lines for other 
traits were not significant. 	There was a trend for the stress 
susceptible 	line to have lower daily growth rate, daily feed 
intake and better feed conversion ratio. 
The effects of sex on performance traits are also 
presented on Table 4.3.1. 	Boars grew significantly faster, were 
more efficient and had lower backfat than the guts. 	The 
difference between boars and guts in daily feed intake was not 
significant. There were no significant sex by line or sex by 
pensize interactions. 
The effects of pensize on performance traits are given 
in Table 4.3.2. The individually fed pigs ate more (P < 0.05) 
than the group fed pigs in pens of 3 pigs and 4 pigs and were 
less efficient (P < 0.05) than all group fed pigs. The growth 
rate, ultrasonic backfat and age at end of test for 2 pigs per 
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TABLE 4.3.1 Effect of stress susceptibility and sex on performance traits 
Difference 
Overall r.s.d. between 	lines Sex difference 
Traits mean (SS-SR) s.e.d (boars-gilts) s.e.d 
Average daily gain 	(kg/day) 0.681 (0.102) -0.006 0.014 0.073 0.010 
Ultrasonic backfat 	(cm) 2.44 (0.31) -0.11 0.04 -0.15 0.033 
Age at end of test (days) 172 (25) 4.38 3.03 -8.80 3.20 
Pen feed conversion ratio 
(kg feed/kg gain) 3.05 (0.29) -0.092 0.06 -0.30 0.041 
Pen daily feed intake 
(kg/pig) 2.09 (0.29) -0.081 0.05 -0.01 0.031 
+ SS = stress susceptible line 
SR = stress resistant line 
U, 
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mean 0.681 2.44 172 3.05 2.09 
Number of 
observations 
1 63 -0.003 -0.041 1.00 0.16 0.10 
2 376 0.012 -0.022 -4.38 -0.043 -0.014 
3 117 -0.002 0.052 2.67 -0.061 -0.041 
4 164 -OOO7 0,010 0.72 -0.063 -0.051 
App ro x 
s.e. 0.018 0.062 4.17 0.082 0.062 
U, 
fb 
pen tended to better than other stocking rates. 
The genetic and phenotypic parameter estimates for 
stress susceptible and stress resistant pigs are given in Tables 
4.3.:3 and 4.3.4. The heritability estimates for stress 
susceptible pigs were generally higher than those of stress 
resistant pigs. The difference between the estimates was not 
significant for any performance traits hence pooled over lines 
estimates are also presented (Table 4.3.5) and used for the 
theoretical study. The phenotypic parameter estimates among 
traits for the stress susceptible and stress resistant pigs 
separately were very similar while the genetic correlations were 
variable. 
The 	common 	environmental 	covariances 	(c2 ) 	among 
littermates were negative and significantly lower for the stress 
susceptible line pigs in the three traits which were recorded on 
individual pigs. 
The additive genetic variance due to Halothane gene 
(62 A(H)) calculated from the differences between lines for the 
various traits and for different gene frequencies (0.5 and 0.95) 
along with the proportional contribution to the total additive 
genetic variance are given in Table 4.3.6. 	The results indicate 
that halothane 	gene did not contribute much to the total 
additive genetic variance in all the performance traits. 
4.4 	Discussion 
The effect of stress susceptibility on performance 
traits in this study are in general agreement with those of 
Eikelenboom, Minkema, Van Eldik and Sybesma (1980) and 
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3 	 4 
Average daily gain (kg/d) 
Ultrasonic backfat (cm) 
Age at end of test (days) 
Feed conversion ratio 
Daily feed intake (kg/pig) 
Common environmental effects 
0.95(0.54) 0.11 -0.70 -0.35 0.38 
0.54(0.29) 0.75(0.40) -0.18 0.12 0.22 
-0.84(0.30) -0.71(0.29) 0.81(0.44) 0.33 -0.23 
-0.47(0.29) -0.06(0.25) 0.60(0.25) 0.72(0.30) 0.45 
0.50(0.30) 0.38(0.29) -0.29(0.29) 0.50(0.25) 0.84(0.46) 
-0.24(0.01) -0.02(0.06) -0.20(0.11) - - 
*Th e  heritabilities are on the diagonal, the genetic and phenotypic correlations are below and above 
the diagonal respectively. 
+The figures in the parenthesis are standard errors. 
(7, 






Average daily gain (kg/day) 
Ultrasonic backfat (cm) 
Age at end of test (days) 
Feed conversion ratio 
Daily feed intake (kg/pig) 
Common environmental effects 
0.43(0.19)' 0.04 -0.77 -0.36 0.52 
-1.06(0.24) 0.33(0.15) -0.04 0.13 0.13 
-1.54(0.23) 0.84(0.24) 0.30(0.13) 0.24 -0.34 
-0.34(0.24) 0.93(0.24) -0.37(0.23) 0.38(0.17) 0.15 
0.68(0.20) -0.18(0.20) -1.76(0.20) 0.50(0.20) 0.61(0.19) 
0.16(0.01) 0.17(0.03) 0.21(0.06) - - 
*The heritabilities are on the diagonal, the genetic and phenotypic correlations are below and above 
the diagonal respectively. 
+The figures in the parenthesis are standard errors. 
U, 
TABLE 4.3.5 	Pooled within line genetic and phenotypic parameters* 
1 	 2 	 3 	 4 	 5 
 Average daily gain 




 Ultrasonic backfat 
(cm) -0.40 0.52 -0.10 0.14 0.17 
(0.28) (0.25) 
 Age at end of test 
(days) -0.94 -0.29 0.33 0.28 -0.32 
(0.33) (0.31) (0.23) 
 Feed conversion 
ratio -0.40 0.57 0.16 0.33 0.56 
(0.28) (0.25) (0.30) 
 Daily feed intake 
(kg/pig) 0.59 0.16 -0.70 0.53 0.35 
(0.26) (0.30) (0.29) (0.24) 
* The heritabilities are in the diagonal, the genetic and phenotypic correlation estimates are below 
and above the diagonal respectively. 
+ The figures in the parenthesis are standard errors. 
TABLE 4.3.6 	Estimated percent of the additive genetic variance due to Halothane locus (Hal), for 
performance traits with two population gene grequencies 
Phenotypic 1 Heritability2 Average 3 Gene 	frequencies(p) 
variance estimates effect of 0.5 0.95 
Traits wthin 	lines in 2population the Hal Percent of genetic 
o h gene 	(a) variance due to Hal 
p 
Average dady gain 
(kg/day) 0.010 0.44 0.003 0.1 0.02 
Ultrasonic backfat 
(cm) 0.099 0.52 0.055 2.9 0.56 
Age at end of test 
(days) 624 0.33 2.2 1.2 0.22 
Feed conversion ratio 0.225 0.33 0.045 1.4 0.26 
Daily feed intake 
(kg/pig) 0.085 0.35 0.040 2.7 0.51 
The total variance in the data set studied 
Heritability.estimates from data studied (see Table 4.3.5) 
From Table 4.3.1, a = (SS-SR)/2 
cJ, 
'.0 
McGloughlin, Ahern, Butler and Mcloughlin (1980) who also 
performane tested their pigs under ad-libitum feeding. However, 
McGloughlin, et al. (1980) also reported significant differences 
between stress susceptible and stress resistant lines in growth 
rate with the stress resistant pigs growing faster than stress 
susceptible pigs. The tendency for the stress resistant line to 
have a higher growth rate in this study conflicted with the 
findings of Webb and Jordan (1978) and Lundstrom et al. (1985) 
who found higher growth rate in the stress susceptible pigs when 
they made their comparisons under restricted or twice daily 
feeding. These results may be related to the feeding levels 
(Eikelenboom et al., 1977) since the different results were 
obtained under different feeding regimes. 
The 	conclusions 	regarding 	effects 	of 	stress 
susceptibility on genetic and phenotypic parameter estimates must 
be treated with caution due to the small data set, resulting in 
high sampling errors of estimates. 	The results of the present 
study indicate that the halothane locus would contribute little 
to the additive genetic variance of the performanc:e traits, 
similar to the findings of Brascamp et al. (1980). 	Brascamp et 
al. (1980) however found that the Hal-locus contributed 
considerably to the additive genetic variance of meat traits 
(meal: quality, backfat over eye muscle area and ham percentage) 
and reported that the differences between lines were the result 
of the pleiotropic effects of the Halothane locus. Thus, the 
similar heritability and phenotypic correlation estimates of the 
stress susceptibile and stress resistant lines in the present 
study was expected because of the very small contribution of the 
AM 
Hal-locus and the fact that a constant within-genotype variance 
was assumed (Smith and Webb, 1981). The more variable genetic 
correlation estimates are in agreement with reports of Smith and 
Webb (1981) and the study of Kennedy, Johansson and Hudson 
(198). In general, the pooled estimates of heritability in the 
current study all fell within the ranges of estimates from other 
studies in Table 4.4.1. 
Common environment effects (c 2 ) are the results of both 
maternal effects and the fact that littermates are raised 
together. 	Some non-additive genetic effects, if important, 
would be reflected in the c 2 -term. 	The lower and negative 
values of the stress susceptible pigs as compared with those of 
stress resistant pigs have been reported by Lundeheim et al. 
(1980). Lundeheim et al. (1980) obtained negative C:2 - values 
for some traits in their study which might have resulted from the 
competition between the full sibs in the pen for feed. The 
current study utilised an ad-libitum feeding reqime which 
according to Van Putten (1980) does not prevent aggression but is 
supposed to reduce the level of competition. However , the level 
of competition could increase under ad-libitum feeding of grouped 
pigs through social facilitation and limited feeding space. 
Pigs are also reported to initiate about 90 percent of their 
feeding during the daytime (Fraser, 1984) and therefore the hours 
of day-light could also pose some restictions even under 
ad-libitum feeding such that the sub-ordinates in the pen eat 
less food. 	In addition, strain or line differences in 
aggression have been reported. 	Lundstrom et al. (1985) reported 
that stress susceptible 	line pigs were found to be more 
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TABLE 4.4.1 	A summary of the heritabilities of five triats estimated at various centres 
Average Ultrasonic Age at end Feed Daily feed 
Method of 	 Feeding 	daily backfat of test conversion intake 
References 	feeding Breed 	 regime gain (cm) (days) ratio (kg/pig) 
1 	Group Canadian Yorkshire Ad-libitum - 0.42 	- 0.30 	 - 
2 Individual Danish Landrace Scale 0.50 0.55 - 0.50 - 
3 	Group Swedish Landrace Scale 0.25 0.54 	- 0.18 	 - 
4 Individual Danish Landrace Scale 0.41 0.66 - 0.50 - 
5 	Individual Duroc Ad-libitum - 0.44 	0.27 - 	 - 
Individual Landrace Ad-libitum - 0.61 0.40 - 	 - 
Individual Hampshire Ad-libitum - 0.40 	0.46 - 	 - 
6 	Individual Large White and 
Landrace Ad-libitum 0.36 0.47 	- 0.27 	 0.62 
7 	Individual Large White Appetite 0.41 0.66 - 0.50 0.34 
8 Individual Norwegian Landrace Scale 0.39 0.41 	 - 0.35 	 0.20 
0 	n r 
1. Fredeen (1953), 2. Fredeen and Jonsson (1957), 3. Johansson and Korkman (1950), 4. Jonsson and King (1962), 
5. Kennedy, Johansson and Hudson (1985), 6. McPhee, Brannan and Duncalfe (1979), 7. Smith, King and Gilbert (1962), 
8. Standal and Vangen (1985). 
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aggressive than the stress resistant pigs. 	That could have 
increased the competition in the pens occupied by stress 
susceptible pigs resulting in a further lowering of C 2 values. 
The c 2 values obtained by Kennedy et al (1985) ranged from 0.10 
to 0.17 for backfat and 0.31 to 0.37 for age at 901 , g weight. 
The slightly lower estimate in the current study for age at 85kg 
weight was expected since the pigs of Kennedy et al. (1985) were 
individually penned while those of the current study were either 
individually or grouped penned. 
Boars were generally faster growing, more efficient and 
leaner than guts. Such generalisations tend to be valid when 
comparisons are made under the same management conditions 
however, the level of feeding (Fuller and Livingstcne, 1978; 
McPhee, 1981) and diet compostion (Newell and Bowland, 1972) have 
been shown to influence the relative difference in performance 
traits of male and female pigs. The results of. this study, that 
boars grew significantly faster, were more efficient and leaner 
than guts are in agreement with the results of McPhee (1981). 
Only the two feed traits, feed conversion ratio and 
daily feed intake, showed significant pensize differences. 
There, was no consistent trend due to the increase in pensize 
which agreed with the findings of Mullaney (1976) and Sather 
(1982). However, it conflicted with Oka et al. (1982) who found 
that individually fed pigs grew faster and deposited more fat 
than group-fed pigs. Increasin.g the number of pigs per pen 
would cause restrictive feeding even under ad-libitum feeding due 
to reduced feeding space. This should result in pigswithin pens 
3 and 4 to be comparatively leanner, slower-growing and less 
efficient feed converters. However, this study did not provide 
such supportive evidence. Within the range of management typical 
of test stations (low housing density, small group SiZe and feed 
rations for optimum growth), there was no evidence to support the 
view that pensize affected their performance. 
4.5 	Conclusion 
Selection against stress susceptibility may improve 
growth rate but may result in fatter carcasses. The genetic and 
phenotypic parameter estimates of the growth traits within the 
two lines were similar. On the basis of the results, the 
halothane gene contributes very little to the total additive 





This study has concentrated on the genetic variation in 
behavioural traits between and within Duroc and Landrace pigs and 
the genetic relationship between behavioural and production 
traits. Genetic and some environmental influences on tail 
biting, behavioural and production traits were also examined. 
The effect of halothane phenotypes on performance traits, genetic 
and phenotypic parameters of Pietrain Hampshire stress 
susceptibile and stress resistant lines were also studied. 
There have been many studies of environmental influences on 
behavioural traits but only a few studies of genetic variation in 
behavioural traits for pigs. 
Genetic variation in behavioural traits. 	The traits studied 
were the proportion of time spent in eating, lying, standing, 
drinking and general activity and the incidence of tail biting. 
There is evidence of genetic variation in lying, standing and 
general activity from breed differences and high heritability 
estimates. The higher estimates of heritability of these 
behavioural traits on restricted feeding than on ad-libiturn 
feeding suggests the use of restricted feeding in selection 
programmes. The different signs of genetic correlations between 
lying, standing and general activity with performance traits 
under ad-libitum and restricted feeding suggests that correlated 
selection responses of behavioural traits when selecting on 
M. 
growth rate or fat depth measurements could differ for the two 
feeding regimes. 
Breed differences in behavioural traits of farm animals 
may arise from selection for traits other than behaviour (Bessei, 
1984). An example is the selection for leaner, fast growing 
pigs which has reduced the animals' ability to adopt to stress 
(Kilgour and Dalton, 1983). Correlated responses in these 
behavioural traits may be lower than the direct response if 
selection was practiced on these traits. Selection on these 
traits has not occurred in pigs as it has not been shown that 
these traits are of economic importance. For welfare purposes, 
an index comprising some behavioural traits (e.g. standing 
activity, aggression, social rank status) and various performance 
traits could be used. Bessi (1984) reported that economic 
values of behavioural traits are unkown and the inferences about 
their importance being minor may be due to lack of information 
rather than of sound estimation. Knowledge of the genetic and 
phenotypic parameters of behaviour and performance traits are 
needed to construct an appropriate selection index. The 
estimates in the current study will act as a guide but as they 
were estimated from a small data set, more reliable estimates of 
the genetic parameters are required. The opportunity costs of 
including some behavioural traits in the indices would result in 
loss of selection differential and response in production traits. 
The merits and disadvantages should be weighed to find out the 
feasibility of the proposition. 
67. 
Tail biting. 	This is a behavioural problem that has developed 
and increased with more intensive pig husbandry. 	Tail biting 
can be associated with ear biting which can develop into 
cannibalism, resulting in the death of some pigs which are an 
economic loss to the industry. Breed differences in the 
incidence of tail biting suggest genetic variation in this trait 
and the possibility of selecting against it to reduce the 
incidence. However selecting against incidence of tail biting 
may cause the pigs to redirect their attention to some other 
behavioural abnormality. 	Should that happen one would not have 
improved welfare but would have transferred the problem. 	It may 
be appropriate to select for high and low lines of tail biting 
incidence and examine the correlated responses in other traits to 
determine the merit of selecting against tail biting. 
The incidence of tail biting increased as the number of 
pigs per pen increased, which indicated a welfare problem. 
Welfarists would caution against any management of pigs which 
cause an increase in tail biting as it reflects on the well being 
of. the pigs. 	Behavioural traits are influenced by the number of 
pigs per pen but not performance traits. 	If it was necessary 
to reduce tail biting and aggression for welfare purposes then 
the husbandry system could be modified without detrimental 
effects on performance traits. Group housing with individual 
feeding crates could be used as a means of reducing the fighting 
encounters among pigs at feeding time within pens. Other 
facilities such as the electronic feeding system, similar to 
those used for regulating sow intake before and during pregnancy, 
could be used to record individual feed intakes while performance 
testing. 	The cost of such facilities may not always permit 
their use for performance testing onfarm. 	
I 
Halothane stress susceptibility. 	The effect of halothane stress 
susceptibility on performance traits and on genetic and 
phenotypic parameters was studied. The results of the study 
indicated small effects of the halothane gene on performance 
traits. Some production traits which are highly affec:ted by the 
halothane gene were not examined here because of the large amount 
of work already published (Webb et al., 1982; Southwood, 1986). 
The stress susceptible pigs were leaner and tended to grow 
slower on ad-libitum feeding than stress resistant pigs, which 
suggested that selection against halothane may improve the growth 
rate when pigs are fed ad-libitum. However, this improvement 
would be counter balanced by an increase in fat deposition and 
poorer feed conversion ratio. 
Pigs under pressure of strong competition may probably 
eat more effectively (Hansen et al., 1982) which was reflected in 
the genetic correlations of the behaviour studies. The more 
active pigs grew slower and were leaner under ad-libitum feeding 
while they grew faster and fatter under restricted feeding 
regime. The stress susceptible pigs may be aggressive 
(Lundstrom et al., 1985) which suggests that under restricted 
feeding they may have a feed efficiency advantage over stress 
resistant pigs. This may be one of the explanations for the 
results in growth rate obtained when stress susceptible and 
stress resistant pigs are compared under ad-libitum and 
restricted feeding regimes. The more aggressive nature of the 
stress susceptible pigs may be one of the contributing factors 
for the poor meat quality of the pigs as stress prior to 
slaughter affects meat quality (Moss, 1978). 
The similar heritability estimates within the stress 
susceptible and stress resistant lines suggests that the 
predicted response to direct selection for performance traits 
would be similar given equal intensity of selection and the 
phenotypic variance. The response to direct selection for 
certain traits would be greater in a population with the 
halothane gene segregating due to the association between the 
gene and the traits, which would increase the heritability and 
the phenotypic variance estimates. 
The lower common environmental effects of the stress 
susceptible line compared with the stress resistant line is not 
surprising since Carden, Hill and Webb. (1985) suggested that 
halothane gene may depress pre- and post-natal maternal ability 
which is part of the common envirornmental effects. The 
magnitude of the common environmental effects determines the 
importance of full sib correlations in the estimation of 
heritabilities. Based on the results in the study, full sib 
correlations would give a less biased estimate of heritability 
for stress susceptible pigs than for the stress resistant pigs. 
Summary 
On the basis of this study, activity traits are 
heritable while the tail biting may be heritable and evidence of 
their economic important is required. The activity 1:raits could 
Me 
be included in a selection programme, after proper esi:imation of 
the genetic parameters and the assessment of the opportunity cost 
of including them. 
70. 
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